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ABSTRACT 

.  This  paper  Is  concerned  with  some  aspects  of  alpha 
training  and  the  effects  of  alpha  wave  on  the  human  auditory 
sensitivity  threshold.   Fifteen  subjects  composed  of  seven 
meditators  and  relaxed  persons  and  eight  non  meditators  volun- 
teered for  alpha  training.   Eight  subjects  received  feedback 
and  seven  subjects  received  no  feedback  during  seven  sessions 
in  order  to  evaluate  the  percentage  of  alpha  produced.   After 
the  alpha  training  sessions,  five  subjects  among  the  fifteen 
subjects  who  produced  the  highest  percentage  of  alpha  were 
used  to  measure  and  compare  the  auditory  sensitivity  thresholds 
under  normal  state  and  alpha  state. 

The  results  were  that  the  meditator  and  relaxed  person 
group  produced  a  higher  percentage  of  alpha  than  the  non 
meditator  group  at  .05  level  of  significance.   The  feedback 
group  generated  a  statistically  significantly  higher  percentage 
of  alpha  than  the  non  feedback  group  at  .05  level.   The 
auditory  sensitivity  thresholds  under  the  alpha  state  did 
not  differ  significantly  from  the  auditory  sensitivity  thres- 
holds  under  normal  state  at  .05  level  of  significance. 
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I.   INTRODUCTION 

This  paper  presents  a  research  study  on  the  relation 
between  alpha  brain  wave  and  human  auditory  sensitivity 
threshold. 

In  leading  to  this  end,  there  is  a  focus  on  the  relation 
between  auditory  sensitivity  and  states  of  consciousness, 
and  on  the  effect  of  biofeedback  training  in  altering  normal 
state  of  consciousness  to  the  desired  state  of  consciousness 
(alpha  state ) . 

In  order  to  understand  the  goals  and  results  presented 
in  this  paper,  it  is  necessary  to  have  some  background  infor- 
mation concerning  each  of  these  areas  of  interest. 

A.   AUDITORY  SENSITIVITY 

1 .   The  Stimulus  of  Hearing 

Any  vibration  which  can  be  communicated  to  the  hearing 
mechanism  is  capable  of  arousing  hearing  sensation.   Stimulation 
occurs  most  commonly  by  sound  waves,  in  air,  but  occasionally 
by  sound  waves  in  water  or  directly  in  the  bone  of  the  head. 
Sound  waves  in  any  medium  consists  of  rapid  vibratory  motions 
of  the  "particles"  constituting  the  medium.   They  are  called 
waves  because  the  motion  of  one  particle  tends  to  disturb 
the  adjacent  particle,  which  in  turn  disturbs  the  next  one, 
so  that  the  waves  of  disturbance  pass  through  the  medium. 
Sound  waves  are  characterized  by  different  physical  features 
such  as  frequency,  amplitude,  phase,  and  intensity.   Frequency 
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is  defined  as  the  number  of  cycles  completed  per  unit  of  time. 
Amplitude  is  described  as  the  amount  of  dlplacement  of  the 
vibrating  particles  in  either  direction  from  the  position  of 
rest.   Phase  is  the  stage  toward  which   vibrating  motion  has 
advanced  from  its  starting  point  or  position  of  rest.   Intensity 
is  described  as  pressure  variation.   These  different  charac- 
teristics of  sound  promote   the  limitation  of  human  auditory 
mechanism  in  its  ability  to  respond  to  acoustic  energy. 
2 .   The  Auditory  System 

The  auditory  system  consists  of  the  receptor  organs 
(the  ears),  the  neural  conductive  mechanism  and  the  central 
projection  areas  in  the  cerebral  cortex  of  the  brain.   To 
give  a  complete  physical  and  functional  description  of  all 
these  crfans  would  become  rather  comolicated •   To  serve  the 
purpose  of  this  study,  however,  it  is  necessary  to  know  only 
the  neural  conductive  mechanism,  and  the  central  projection 
areas  in  the  cerebral  cortex  of  the  brain, 
a.   The  Neural  Conductive  Mechanism 

The  sound,  after  propagating  in  the  air,  is 
received  by  the  ears  (outer,  middle  and  inner  ears)  and  pro- 
cessed by  the  neural  conductive  mechanism  which  is  the  primary 
conductive  mechanism  for  the  sense  of  hearing.   This  is  the 
auditory  portion  of  the  eighth  cranial  (acoustic)  nerve. 
The  afferent  neurons  of  the  eighth  cranial  nerve  make  contact 
with  the  hair  cells  of  the  organ  Of  Corti;  each  nerve  fiber 
connects  with  one  or  more  inner  hair  cells.   The  external  hair 
cells,  however,  are  innervated  by  multiple  fibers.   Located 

within  the  central  core  of  the  cochlea  in  the  spiral  ganglion 
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of  Corti  are  the  cell  bodies  of  approximately  30,000  ganglion 
cells  whose  axons  form  the  beginning  of  the  auditory  branch 
of  the  eighth  cranial  nerve.   The  fibers  of  the  auditory  nerve 
leave  the  cochlea  at  its  base  and  extend  about  5    to  the 
cochlea  nuclei  of  the  medulla.   These  synaptic  connections 
are  made  with  second  order  neurons  which  proceed  to  other 
centers.   Some  of  the  axons  of  the  second  order  neurons  from 
the  right  and  left  ears  remain  in  their  respective  cerebral 
hemispheres,  but  many  others  cross  the  contralateral  side  and 
make  connections  at  the  level  of  the  pons.   Third  order  neurons 
then  run  upward  in  the  lateral  lemniscus,  terminating  in  the 
inferior  colliculus  of  the  midbrain  or  continuing  to  the 
medial  geniculate  body  of  the  thalamus.   Prom  the  medial 

rTon-!  mil   ">r        K  /-i  /^  tt  J-1-—        „,,„^.„        „  -C      .<-V^~        .C> ,-.-,-,-,.(-  1„        ^vi/^^-vi      •w-,-^>i->'>/-^"-><-<        -P  /^  -»o  v~i 
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radiation  fibers  in  each  hemisphere  which  spread  to  the  appro- 
priate temporal  lobe  (right  or  left)  of  the  cerebral  cortex, 
b.   The  Central  Projection  Areas 

The  neural  connection  from  the  cochlea  structures 
to  the  temporal  lobes  are  complex,  but  three  major  points 
should  be  stressed.   First,  both  ears  have  connections  to  the 
right  and  left  temporal  lobes,  thus  providing  neural  pathways 
through  which  binaural  interaction  can  occur.   Second,  in  the 
central  mechanism  of  hearing,  in  each  auditory  cortex,  different 
frequencies  of  excitation  at  the  cochlea  are  projected  and 
localized  at  different  cortical  regions.   Tone  of  high,  middle 
and  low  frequency  are  separated  spatially  in  the  cortex  as  they 
are  in  the  auditory  nerve.   Third,  the  decussation  of  fibers 
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of  the  auditory  nerve  produces  a  conditon  in  which  cortical 
responses  from  the  contralateral  ear  are  stronger  than  those 
from  homolateral  ear. 

3 .   The  Auditory  Sensitivity  Threshold 

The  theory  prescribed  in  part  1  and  2  indicates  that 
the  human  auditory  mechanism  is  limited  in  its  ability  to 
respond  to  acoustic  energy.   Consequently,  the  absolute 
sensitivity  of  the  auditory  mechanism  is  physically  determined 
by  the  minimal  energy  needed  to  produce  a  sensation  of 
hearing.   This  is  referred  to  as  the  threshold  of  sensitivity. 

In  1824,  Herbart  introduced  the  term  "threshold"  into 
psychology  with  his  definition  of  "threshold  of  consciousness." 
This  was  specified  as  that  "boundary  which  an  idea  appears  to 
cross  as  it  passe?  from  the  tota3.lv  inhibited  state  into  some 
degree  of  actual  ideation." 

The  classical  notion  of  threshold,  as  held  by  Fechner 
(i860)  was  that  the  brain  in  its  waking  states  was  physio- 
logically active.   In  order  for  an  incoming  stimulus  to  be 
detected,  it  had  to  generate  neurological  excitation  which 
is  sufficiently  larger  than  those  residually  present  as  the 
result  of  the  spontaneous  activity  of  the  brain.   A  liminal 
stimulus  difference  was  one  which  "lifted  the  sensation  or 
sensory  difference  over  the  threshold  of  consciousness." 

Herbart 's  and  Fechner 's  notion  of  threshold  has 
promoted  a  direct  relation  between  sensitivity  threshold  and 
states  of  consciousness.   The  latter  will  be  discussed  in 
section  C. 
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h .   Mental  Fatigue  and  Perceptual  Sensitivity  Performance 
Welford  (1965)  defined  mental  fatigue  as  the  impair- 
ment of  some  brain  mechanism  as  a  result  of  long  continued 
use.   One  of  the  explanatory  models  of  mental  fatigue  is  the 
notion  of  local  neural  impairment.   The  traditional  assumption 
is  that  some  group  of  nerve  cells  concerned  with  the  perfor- 
mance or  with  some  essential  link  in  it,  become  insensitive 
or  unresponsive  through  continued  activity.   This  can  account 
for  slowing  of  performance  by  assuming  that  some  stage  in  the 
sensory-motor  chain  requires  a  stronger  stimulus  to  operate 
it  and  that  given  level  of  stimulation  can  be  integrated  over 
time . 

Mackworth  (1950),  while  studying  performance  on  an 


performance.   This  occurred  when  Mackworth  studied  an  auditory 
task  which  required  subjects  to  listen  for  two  hours  to  a 
series  of  1000  CPS  tones  of  two  second  duration  occurring 
about  every  18  seconds.   Mackworth  found  that  in  his  first 
experiment,  the  percentage  of  signals  missed  at  the  end  of 
first,  half  hour  was  15- 7% ,  and  at  the  end  of  second  half  hour 
25.8$.   Over  the  next  two  half-hour  periods,  performance  showed 
little  further  deterioration  (26.8$  and  28.0$  signals  were 
missed) .   In  the  second  experiment  he  reduced  the  length  of 
the  task  to  one  hour,  with  the  result  that  13.0$  to  15-3$ 
signals  were  missed  in  the  first  half  and  24.2^  to  30.4$ 
in  the  second.   In  the  third  experiment,  he  reduced  the  length 
of  task  still  further  to  30  minutes,  with  the  restriction 
that  subjects  worked  and  rested  for  alternate  30  minute  periods 
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over  two  hours.   The  mean  incidence  of  signals  missed  over  the 
four  periods  of  the  task  were  18.1$,  20.7$,  16.55?  and  18.5JS. 
These  data  indicated  that  a  rest  pause  of  the  same  duration 
is  sufficient  to  restore  the  subject  efficiency  to  its  former 
level. 

Fraser  and  Samuel  (1956)  noted  that  physical  fatigue 
exerts  comparatively  little  effect  upon  vigilance  performance 
while  mental  fatigue  brings  about  considerable  deterioration 
of  performance.   Mast  and  Heimstra  (1964)  compared  three 
fatigue  conditions  with  each  other  and  with  a  control  condi- 
tion.  In  the  first  fatigue  conditon  subjects  worked  at 
mental  multiplication  problem  for  four  hours  before  performing 
the  driving  task  for  four  hours  and  were  additionally  required 

tfl      (^p>-f-p>r>1"      hyi  crhf  no^1^      ohsrifrpc;      -iri      o      nan  y      of*     ~r>ar\      "1-irrVi-f-o       1  r\nof  nH 

about  seven  feet  away  at  the  end  of  the  roadway.   The  two 
hour  visual  vigilance  task  involved  the  detection  of  bright- 
ness changes  in  a  spot  of  light;  subjects  gained  five  cents 
for  each  signal  detected  and  lost  ten  cents  for  each  error 
of  ommission  or  commission.   The  two  kinds  of  errors  were 
summed  in  analysis,  which  showed  that  the  first  fatigue  con- 
dition, said  to  involve  mental  fatigue,  produced  a  greater 
number  of  errors  than  either  the  control  conditions  or  the 
other  fatigue  conditions,  which  were  supposed  to  involve 
phsycial  or  "skill"  fatigue. 

B.   ALTERED  STATES  OF  CONSCIOUSNESS  (ASC) 

Tart  (1969)  defined  a  state  of  consciousness  as  an  overall 
patterning  of  psychological  functioning.   A  normal  state  of 
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consciousness  can  be  considered  as  a  resultant  of  living  in 
a  particular  environment ,  both  physical  and  psychological. 
The  normal  state  of  consciousness  for  any  individual  is  one 
that  has  adaptive  value  within  his  particular  culture  and 
environment.   An  altered  state  of  consciousness  may  be  defined 
as  a  qualitative  alteration  in  the  overall  pattern  of  mental 
functioning,  such  that  the  experimenter  feels  his  consciousness 
is  radically  different  from  the  normal  way  it  functions. 

Kanellakos  (1968)  stated  that  the  different  states  of 
consciousness  are  reflected  through  different  states  of  the 
nervous  system.   Krippner  (1969)  defined  different  states  of 
consciousness  as  the  mental  states  which  can  be  subjectively 
recognized  by  an  individual  (or  by  an  objective  observer  of 
the  individual)  as  representing  a  difference  in  psychological 
functioning  from  that  individual's  "normal"  state. 

1.   Production  of  ASC 

Lindsey  (1961)  stated  that  ASC ' s  may  be  produced  in 
any  setting  by  a  wide  variety  of  agents  or  maneuvers.   These 
methods  interfere  with  the  normal  intake  of  sensory  or  pro- 
prioceptive stimuli  and  the  normal  output  of  motor  impulses 
or  the  normal  flow  and  organization  of  cognitive  processes. 
There  seems  to  be  an  optimal  range  of  exteroceptive  stimu- 
lation necessary  for  the  maintenance  of  normal,  waking 
consciousness.   Levels  of  stimulation  either  above  or  below 
this  range  appear  conductive  to  the  production  of  ASC's. 

Hebb  (1958)  found  that  varied  diversified  environ- 
mental stimulation  appears  necessary  for  the  maintenace  of 
normal  cognitive,  perceptual,  and  emotional  experience.   When 
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such  stimulation  is  lacking,  mental  aberrations  are  likely 
to  occur.   Although  experimental  evidence  is  sparse  concerning 
the  manipulation  of  motor,  cognitive,  and  emotional  processes, 
there  seems  to  be  ample  clinical  and  anecdotal  evidence  to 
suggest  that  gross  interference  with  these  processes  may 
likewise  produce  alteration  in  consciousness. 

The  methods  of  producing  ASC's  may  be  categorized  as 
follows : 

a.   Reduction  of  Exteroceptive  Stimulation  and/or 

Motor  Activity 

Under  this  category  are  included  mental  states 
resulting  primarily  from  the  absolute  reduction  of  sensory 
input,  the  change  in  patterning  of  sensory  data,  or  constant 
exposure  to  repetitive  monotonous  stimulation.   A  drastic 
reduction  of  motor  activity  also  may  prove  an  important 
contributing  factor. 

Burney  (1952)  and  Meltzer  (1956)  associated 
absolute  reduction  of  sensory  input  with  solitary  confinement. 
Anderson  (19*12),  Gibson  (1953)  and  Slocum  (1948)  related  the 
change  in  patterning  of  sensory  data,  or  constant  exposure 
to  repetitive  monotonous  stimulation  to  the  situation  while 
at  sea.   Bird  (1938)  and  Ritter  (195*1)  associated  this  sensory 
deprived  state  with  the  situation  while  in  the  arctic.   Mosley 
(1953)  related  this  same  sensory  deprived  state  to  the  situation 
while  in  the  desert  and  to  the  experience  of  highway  hypnosis. 
Benett   (1961)  associated  a  drastic  reduction  of  motor  activity 
with  the  "break  off"  phenomena  in  high  altitude  jet  pilots 
while  Heron  (1957)  related  this  state  to  extreme  boredom. 
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b.  Increase  of  Exteroceptive  Stimulation  and/or 
Motor  Activity  and/or  Emotion 

Under  this  category  are  included  excitatory  mental 
states  resulting  primarily  from  sensory  overload  or  bombard- 
ment.  These  states  may  or  may  not  be  accompanied  by  strenuous 
physical  activity  or  exertion.   Profound  emotional  arousal 
and  mental  fatigue  may  be  major  contributing  factors. 

Sargant  (1957)  related  the  excitory  mental  state 
resulting  from  sensory  overload  produced  by  grilling  or  "third 
degree"  tactics  and  brainwashing.   Labarre  (1962)  and  Marks 
(19*17)  related  the  profound  emotional  arousal  state  to  the 
hyperkinetic  trance  associated  with  emotional  contagion 
encountered  in  a  group  or  role  setting.   Sargant  (1957)  and 
Labarre  (1962)  related  this  same  state  to  religious  conversion 
and  healing  trance  experiences  during  revivalistic  meeting. 
Alteration  in  consciousness  may  also  arise  from  inner  turbu- 
lence or  conflict  conducive  to  heightened  emotional  arousal. 
Examples  of  these  cstates  would  include  fatigues,  amnenas, 
traumatic  neuroses,  depersonalization  and  panic  states. 

c.  Increased  Alertness  or  Mental  Involvement 
Under  this  category  are  included  mental  states 

which  appear  to  result  primarily  from  focused  or  selective 
hyperalertness  with  resultant  peripheral  hypoalertness  over 
a  sustained  period  of  time. 

Heron  (1957)  found  that  the  state  which  resulted 
in  increased  alertness  arose  from  the  prolonged  observation 
of  radar  screen,  prolonged  vigilance  during  sentry  duty  and 
crow's  watch.   Ludwig  (1965)  noted  that  the  hyperalert  state 
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which  resulted  from  mental  involvement  arose  from  the  mental 
absorption  in  a  task,  such  as  reading,  writing,  problem  solving, 
and  total  mental  involvement  in  listening  to  a  dynamic  or 
charismatic  speaker.   Magolin  and  Kubie   (19^*0  found  that 
the  same  state  arose  even  from  attending  to  one's  amplified 
breath  sounds . 

d.  Decreased  Alertness  or  Relaxation  of  Critical 
Faculties 

Under  this  category  are  included  mental  states 
which  appear  to  occur  mainly  as  a  result  of  what  might  best 
be  described  as  a  "passive  state  of  mind"  in  which  active 
goal-directed  thinking  is  minimal. 

Burke  (1951)  and  Ludwig  (1966)  revealed  that  the 
passive  state  of  mind  may  be  described  as  mystical,  trans- 
cendental or  revelatory  (Satori,  Samadhi ,  cosmic  consciousness). 
These  states  are  attained  through  passive  meditation  or  occur 
spontaneously  during  the  relaxation  of  one's  critical  faculties. 
Kamiya  (1969)  notes  that  the  "alpha  state"  which  results  from 
biofeedback  training  may  be  placed  in  this  category. 

e.  Presence  of  Somatopsychological  Factors 
Under  this  category  are  included  mental  states 

primarily  resulting  from  alterations  in  body  chemistry  or 
neurophysiology.   These  alterations  may  be  deliberately 
induced  or  may  result  from  conditions  over  which  the  individual 
has  little  or  no  control. 

Hinkle  (1961)  noted  that  such  ASCs  may  arise  from 
hypoglycemia  (lack  of  sugar  in  blood)  either  spontaneous  or 
subsequent  to  fasting,  hyperglycemia,  dehydration,  etc..   In 
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addition,  ASCs  may  be  induced  through  the  administration  of 
numerous  pharmacological  agents.   These  drugs  include  anes- 
thetics, psychedelics ,  narcotics,  sedatives  and  stimulants. 
2 .   General  Characteristics  of  ASCs 

Ludwig  (1966)  indicated  that  despite  the  apparent 
differences  among  ASCs,  there  are  a  number  of  common  denomi- 
nators or  features  which  allow  a  conceptualization  of  these 
ASCs  as  somewhat  related  phenomena  as  follows: 

a.  Alteration  in  Thinking 

Subjective  disturbances  in  concentration,  attention, 
memory  and  judgement  represent  a  common  finding.   Archaic 
modes  of  thought  predominate,  and  reality  testing  seems 
impaired  to  varying  degrees.   The  distinction  between  cause 
and  effect  becomes  blurred,  and  ambivalence  mav  be  pronounced 
whereby  incongruities  or  opposites  may  coexist  without  any 
psychological  conflict.   Moreover,  as  Rapaport  (1951)  and 
Brenman  (1950)  have  commented,  these  states  are  associated 
with  a  decrease  in  reflective  awareness. 

b.  Disturbed  Time  Sense 

Sense  of  time  and  chronology  become  greatly 
altered.   Subjective  feelings  of  timelessness  occur.   Time 
seems  to  come  to  a  standstill;  time  also  may  seem  infinite 
or  like  an  infinitesimal  duration  (Ludwig,  1969). 

c.  Loss  of  Control 

The  experience  of  "loss  of  control"  is  a  compli- 
cated phenomenon.   Relinquishing  conscious  control  may  arouse 
feelings  of  impotency  and  helplessness,  or,  paradoxically, 
may  represent  the  gaining  of  greater  control  and  power  through 
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the  loss  of  control.   This  latter  experience  may  be  found 
in  hypnotized  persons  (Kubie   and  Margolin,  19^1;  Gill  and 
Brenman,  1959).   It  may  also  be  found  in  audiences  who 
vicariously  identify  with  the  power  and  omnipotence  which 
they  attribute  to  the  hypnotist. 

d.   Change  in  Emotional  Expression 

With  the  diminution  of  conscious  control  or 
inhibitions,  there  is  often  a  marked  change  in  emotional 
expression.   Sudden  and  unexpected  displays  of  a  more  primi- 
tive and  intense  emotion  than  shown  during  normal,  waking 
consciousness  may  appear.   Emotional  extremes,  from  ecstacy 
and  orgiastic  equivalents,  to  profound  fear  and  depression, 
commonly  occur  (Ludwig  1969). 

A  wide  array  of  distortion   in  body  image  fre- 
quently occur  in  ASCs.   There  is  also  a  propensity  for  indi- 
viduals to  experience  a  profound  sense  of  depersonalization, 
a  schism  between  body  and  mind,  feelings  of  derealization, 
or  a  dissolution  of  boundaries  between  self  and  others,  the 
world  or  universe. 

f.   Disturbed  Perception 

Common  to  most  ASCs  is  the  presence  of  perceptual 
aberration,  including  hallucinations,  pseudohallucinations , 
increased  visual  imagery,  subjectively  felt  hyperacuteness 
of  perception  and  illusions  of  every  variety.   In  some  ASCs, 
such  as  those  produced  by  psychedelic  drugs,  marijuana  or 
mystical  contemplation,  synesthesias  may  appear  whereby  one 

form  of  sensory  experience  is  translated  into  another  form. 
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For  example,  persons  may  report  seeing  or  feeling  sounds  or 
being  able  to  taste  what  they  see. 

g.   Change  in  Meaning  or  Significance 

Persons  in  ASC  attach  an  increased  meaning  or 
significance  to  their  subjective  experience,  ideas,  or  per- 
ceptions.  At  the  time,  it  appears  as  though  the  person  is 
undergoing  an  attenuated  "eureka"  experience  during  which 
feelings  of  profound  insight,  illumination  and  truth  frequently 
occur.   (Ludwig,  1966 ) . 

h.   Sense  of  the  Ineffable 

Most  often,  because  of  the  uniqueness  of  the 
subjective  experience  associated  with  certain  ASCs,  persons 
claim  a  certain  ineptness,  or  inability,  to  communicate  the 
nature  or  essence  of  the  experience  to  someone  who  has  not 
undergone  a  similar  experience. 

i.   Feeling  of  Rejuvenation 

In  emerging  from  certain  profound  alteration  of 
consciousness  many  persons  claim  to  experience  a  new  sense 
of  hope,  rejuvenation,  renaissance,  or  rebirth  (Labarre  1962, 
Coe,  1916). 

C.   ALPHA  WAVE 

Alpha  is  the  name  given  to  the  wave  length  of  one  pattern 
of  electrical  activity  produced  by  the  brain.   It  measures 
eight  to  twelve  cycles  per  second,  according  to  most  authori- 
ties.  However,  a  few  scientists  choose  to  chart  alpha  wave 
from  seven  to  thirteen  cycles  per  second.   The  alpha  brain 
wave  varies  in  amplitude  or  strength  in  each  person  based 

upon  individual  differences  and  on  past  training. 
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Hans  Berger,  a  German  psychiatrist,  is  generally  given 
credit  for  discovering  alpha  brain  waves  in  1929.   Although 
alpha  waves  have  always  been  produced  by  the  brain,  the 
discovery  of  this  characteristic  brain  wave  had  to  wait  until 
1929  because  adequate  machinery  had  to  be  developed  before  it 
was  possible  to  detect  this  subtle  energy.   It  is  measured 
in  microvolts  and  ranges  from  20  to  150  microvolts. 

1 .   Source  of  Alpha 

Inside  each  person  is  a  private  universe.   Fifteen 
billion  or  more  cells  compose  the  brain  and,  like  the  stars, 
the  galaxy  of  brain  cells  is  arranged  in  bunches  and  groups. 
These  "cell  galaxies"  are  called  cortical  areas  of  the  brain. 
The  most  evident  cells  are  those  of  the  cerebral  cortex.   These 
retain  stimuli  like  higher  universities  of  knowledge,  while 
the  other  cells  can  be  compared  to  through  stations  and  paths 
of  information  like  a  primary  elementary  school. 

Many  layers  make  up  the  brain,  almost  like  a  fresh 
walnut.   A  skin  envelope  surrounds  it  all  and  the  skull  acts 
as  a  protective  shell.   Under  this  is  the  inner  skin  of  the 
soft  membrane  which  covers  the  hardish  matter  of  the  brain. 
The  exquisite  kernel  of  dura  matter  lurks  inside  all  this 
like  a  kernel  of  consciousness.   The  cerebral  cortex,  the 
brainstem,  and  the  cerebellum  are  the  three  areas  of  the 
brain.   Both  brainstem  and  cerebellum  are  called  "white  matter" 
areas  because  of  the  white  color  of  the  axons  covering  them. 
The  cerebral  cortex  is  mostly  grayish  in  color,  from  the  gray 
appearance  of  the  neuron  bodies. 
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The  brain  is  actually  a  pair  of  brains,  with  two 
independent  "hemispheres"  on  the  right  and  left  like  separate 
continents.   Generally,  one  hemisphere  is  dominant.   Women 
tend  to  have  a  more  even  balance  between  hemispheres  than 
men.   Paul  Bakan's  (1971)  controversial  hemisphere  study 
offered  certain  characteristics  for  the  left  and  right 
hemisphere  dominance.   He  suggested  that  the  left  hemisphere 
deals  with  rational,  objective,  active,  tense,  verbal,  abstract, 
euphoric,  and  sympathetic  qualities.   He  states  that  the 
right  hemisphere  is  concerned  with  the  preverbal,  spatial, 
emotional,  passive,  subjective,  relaxed,  and  depressed 
qualities . 

When  someone  is  best  described  by  one  set  of  adjectives 
over  another,  Bakan  (1971)  proposed  the  corresponding  hemisphere 
is  probably  the  dominant  one.      According  to  the  theory,  the 
analytical  verbal  person  will  ponder,  and  glance  upward  and 
to  the  right  in  opposition  to  his  dominant  brain  hemisphere, 
the  left  hemisphere.   The  emotional,  subjective  person  will 
move  his  eyes  upward,  and  to  the  left,  as  the  thinks  about 
the  answer  to  someone's  question  signifying  dominance  of  his 
right  hemisphere.   Bakan  (1971)  noted  that  people  with  right 
hemisphere  dominance  generally  produce  alpha  brain  waves  more 
easily  than  people  with  left  hemisphere  dominance. 

The  base   of  these  two  hemispheres  in  the  brain  is 

connected  with  white  matter,  like  a  network  of  tissue  bridges 

and  girders.   Each  hemisphere  is  divided  into  areas  scientists 

call  lobes.   Each  is  enveloped  with  supporting  membrances,  the 

three  meninges.   These  meninges  are  tough  fibrous  membranes 
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made  of  dura  matter  and  a  softer  pia  matter,  all  protecting 
the  brain.   The  areas  called  lobes  are  the  frontal  lobe,  in 
front  of  the  brain,  the  parietal  lobe,  on  the  top  of  the 
head,  the  occipital  lobe,  behind  the  parietal,  about  where 
the  back  of  the  head  rounds  out  to  its  furthesr  peak,  and 
the  temporal  lobe  connecting  the  occipital  to  the  frontal 
lobe . 

Scientists  attach  specific  functions  to  the  lobes  of 
the  brain.   Alpha  waves  are  most  likely  to  occur  in  the 
occipital  lobe,  which  is  linked  to  visual  impressions,  abstract 
thinking  and  conceptualization.   The  frontal  lobe  is  the 
reflective  contemplative  area.   The  temporal  lobe,  the  center 
of  word  and  sound  formation  is  thought  to  be  most  prominent 
if  someone  is  an  auditory  person  or-  one  who  learns  most  quickly 
through  a  lecture  rather  than  through  reading  a  book. 
2  .   Properties  of  Alpha  States 

The  alpha  state  has  been  described  by  scientists  as 
a  state  of  consciousness  where  alpha  brain  waves  are  abundant. 
This  state,  moreover,  has  the  following  properties: 

a.  Electrical  Properties 

Alpha  amplitude  varies  from  20  microvolts  to  150 
microvolts.  Alpha  varies  from  person  to  person  and  has  dif- 
ferent peaks  for  different  people. 

b.  Physiological  Properties 

Edward  Bokert  (1969)  noted  that  metabolism 
decreased,  temperature  and  blood  pressure  dropped,  respiration 
and  heart  beat  was  lowered,  and  muscle  tension  fell  to  low 
levels  as  alpha  was  produced  in  a  person. 
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c.   Psychological  Properties 

Kamiya  (1969)  pointed  out  that  alpha  state  is  not 
just  a  kind  of  relaxation,  which  leads  to  drowsiness,  like 
lying  down  to  rest  and  nap.   Instead  alpha  is  a  specialized 
relaxation  with  a  certain  kind  of  focus  of  attention  that 
increases  awareness.   Moreover  high  alpha  producers  tend  to 
be  sensitive  and  empathetic . 

Bokert  (1969)  said  "when  people  are  more  relaxed, 
they  do  not  feel  as  excitedly  aroused  and  can  openly  devote 
their  full  attention  to  everything  around  them." 

Fehmi  (1969)  called  the  alpha  state  one  in  which 
there  is  "enhanced  ability  to  attend,  have  presence,  awareness 
or  attention."   This  should  have  implications  for  various 

state . 

Budzinski  and  Stovya  (1969)  noted  that  people  became 
more  sensitive  and  sometimes  felt  vulnerable  as  they  became 
aware  of  their  own  alpha  brain  waves.   Most  people  described 
alpha  as  a  pleasant  feeling,  a  sensation  of  well-being, 
tranquility  and  relaxation. 

3 .   Meditation  and  Alpha  Production 
a.   Zen  Meditation 

Zen  meditation  means  the  sitting  meditation  which 
is  a  kind  of  religious  exercise  in  Zen  Buddhism.   In  Japan, 
there  are  two  zen  sects  named  Soto  and  Rinzai.   Both  sects 
regard  Zazen  as  the  most  important  training  method  of  their 
disciplines  to  enlighten  the  minds.   Zen  sitting  is  performed 
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in  two  basic  meditation  forms.   A  full  cross-legged  sitting 
and  a  half  cross-legged  sitting.   During  the  Zen  sitting,  the 
disciple's  eyes  must  be  opened  and  look  downward  about  one 
meter  ahead,  and  his  hands  generally  join.   In  a  quiet  room, 
the  disciple  sits  on  a  round  cushion  and  practices  the  medi- 
tation for  about  thirty  minutes.   Sometimes  the  intensive  Zen 
training  is  performed  8  to  10  times  a  day  for  about  one  week. 
This  is  called  Sesshin  in  Zen  Buddhism. 

Hirai  (i960)  stated  that  the  disciples  do  not 
engage  in  "normal"  secular  daily  activities  but  live  the 
religious  life  following  a  strict  schedule.   Many  of  the 
disciples  work  in  the  garden,  in  the  kitchen,  and  in  various 
handwork  kinds  of  activities. 

Bw  practicing  Zen  meditation-  it  is  said  that  roan 
can  become  emancipated  from  the  dualistic  bondage  of  subjec- 
tivity and  objectivity,  of  mind  and  body  and  of  birth  and 
death.   And  he  can  be  free  from  self  consciousness.   It  is 
said  he  can  be  awakened  to  his  pure,  serene  and  true  self. 
In  an  EEG  study  of  Zen  meditation,  Kamatsu  and  Hirai  (1969) 
found  that  after  Zen  meditation  has  started,  the  well  organized 
alpha  waves  of  ^10  to  50  microvolts,  11  to  12/sec.  appear 
within  50  seconds  in  all  the  brain  regions  and  continue  for 
several  minutes  In  spite  of  opened  eyes.   After  8  minutes 
and  20  seconds,  the  amplitude  of  alpha  waves  reaches  to  60  -  70 
microvolts  predominantly  in  the  frontal  and  the  central  regions 
Initially,  these  alpha  waves  alternate  with  short  runs  of  the 
activating  pattern,  but  a  fairly  stable  period  of  the  persis- 
tent alpha  waves  ensues  during  the  progress  of  Zen  meditation. 

26 


After  27  minutes  and  10  seconds,  rhythmical  waves  of  7  -  8/ 
second  appear  for  one  to  two  seconds.   And  20  seconds  later 
rhythmical  theta  trains  (6  -  7/seconds,  70  -  100  microvolts) 
begin  to  appear.   However,  this  does  not  always  occur.   After 
the  end  of  Zen  meditation  alpha  waves  are  seen  continuously 
and  two  minutes  later  alpha  waves  still  persist.   It  seems 
to  be  the  after-effect  of  Zen  meditation. 

Kamiya  (1969)  also  invited  several  Zen  priests, 
practiced  in  meditation  to  come  into  his  laboratory  to  monitor 
their  brain  waves.   He  found  that  they  learn  to  control  alpha 
much  more  rapidly  than  most  subjects  and  that  they  appeared 
to  do  so  through  meditation  procedure.   A  number  of  studies 
on  the  physiological  correlates  of  meditation  support  this 
observation  (Kamiya,  Eagachl,  and  Wenger  (]957)j  Anand. 
Chhina  and  Singh  (1961);  Wallace  (1970);  Kasamatsu  and  Hirai 
(1966). 

b.   Yoga  Meditation 

(1)   Yoga 

(a)   Strictly  speaking,  Yoga  refers  to  a 
system  of  beliefs  and  practices  whose  goal  is  to  attain  a 
"union"  of  the  individual  self  with  Supreme  Reality  or  the 
universal  self.   There  are  several  systems  of  Yoga  in  this 
sense  (DAS,  1963;  Wood,  1959;  Woods,  1927).   Each  has  an 
ethical-religious  discipline  at  the  core  and  each  sees  the 
trance  state  of  samadhi  as  the  final  step  in  attaining  "union" 
with  Supreme  Reality.   However,  each  system  of  Yoga  emphasizes 
somewhat  different  processes  for  the  attainment  of  samadhi 
and'union."   For  instance,  the  eightfold  system  of  Raja  Yoga, 
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taught  by  Patanjali  includes  self  control  (yama),  religious 
observances  (niyama),  physical  postures  (asana),  regulation 
of  the  breath  (prarayama),  suppression  of  the  flow  of  external 
sense  impressions  (prtayahara) ,  concentration  or  fixed  atten- 
tion on  an  object  (dharana),  meditation  or  contemplation  of 
an  object  for  a  long  period  of  time  (dhyana)  and,  finally, 
a  state  of  absorption  or  trance  in  which  the  person  is  no 
longer  conscious  of  his   concentration  (samadhi). 

(b)   In  its  popular  usage,  especially  current 
in  the  West,  the  term  Yoga  has  come  to  be  associated  more  or 
less  exclusively  with  the  physical  postures  (asana)  and  the 
regulation  of  breathing  (pranayama).   This  popular  usage  is 
not  found  in  Indian  philosophy.   An  individual  who  merely 
practices  the  postures  and  the  breathing  exercises  (as  some 
do  for  health  or  therapeutic  purposes),  without  a  concomitant 
consecration  to  a  spirit  of  discipline  and  to  the  goals  of 
Yoga,  is  simply  practicing  a  few  yogic  exercises.   He  is  not 
practicing  Yoga  in  the  strict  sense. 

(2)  Yogi .   The  term  Yogi  has  a  strict  meaning. 

A  Yogi  is  described  as  a  person  who  has  obstensibly  attained 
the  goal  of  Yoga,  namely  samadhi  or  a  "yoking  with"  or  "union" 
with  Supreme  Reality.   Yoga  aims  at  freedom  from  the  "world 
illusion"  through  the  achievement  of  samadhi . 

(3)  Yoga  and  Alpha  Production.   In  an  EEG  session, 
Bagachi  and  Wenger  (1957)  noted  that  Yogic  meditation  represents 
deep  relaxation  of  the  autonomic  nervous  system  without  drow- 
siness or  sleep  and  a  type  of  cerebral  activity  without  highly 
accelerated  electro-physiological  manifestation.   In  waking 
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alpha  pattern  was  also  seen.   It  ranged  from  8.5  to  11  cycles 
per  second  and  with  strengths  of  20  to  100  microvolts,  some- 
times one-half  or  one  beat  slower,  and  sometimes  with  good 
amplitude  modulation  and  regulation.   Anand,  Chhina  and 
Singh  (1961)  have  studied  the  physiological  correlates  of 
Yogi  meditation.   Investigation  by  these  authors  indicated 
that  the  meditative  exercises  practiced  by  the  Yogis  they 
tested  were  accompanied  by  a  high  percentage  of  alpha. 
Generally,  both  alpha  amplitude  and  percentage  was  quite  high 
while  the  subjects  were  meditating. 

c.   Transcendental  Meditation 

Maharishi  Mahesh  Yogi  is  the  founder  of  transcen- 
dental meditation.   He  is  a  metaphysician  with  a  degree  in 
physics  from  the  University  of  Allahabad,  India.   As  a  young 
man,  the  Maharishi  abandoned  western  science  and  went  on  a 
spiritual  pilgrimage.   He  studied  with  a  teacher  called 
Guru  Dev.   He  lived  in  a  care  in  the  Himalayas  for  two  years 
and  later,  on  an  inspiration,  he  wandered  through  the  forest 
of   Southern  India,  as  every  Yogi  of  great  spiritual  ambition 
must . 

In  mid  1950' s,  the  Maharishi  relinquished  his 
solitude.   He  began  to  teach,  and  his  lectures  remained  the 
same.   He  has  lectured  around  the  world  and  taught  thousands 
of  people  the  technique  of  transcendental  meditation. 

The  purpose  of  transcendental  meditation  is  to  help 
individuals  expand  their  minds,  develop  their  creative  intel- 
ligence and  make  use  of  their  full  potential  in  studies,  career, 

and  recreation. 

29 


Transcendental  meditation  is  a  natural  technique 
which,  allows  the  conscious  mind  to  experience  increasingly 
more  subtle  states  of  thought  until  the  source  of  thought, 
the  unlimited  reservoir  of  energy  and  creative  intelligence, 
is  reached.   This  single  practice  is  said  to  expand  the 
capacity  of  the  conscious  mind,  and  a  man  moves  toward  full 
use  of  his  potential  in  the  field  of  thought  and  action. 

The  vehicle  of  transcending  the  level  of  conscious 
thought  is  a  "mantra."   A  mantra  is  a  sound  taken  from  Sanskrit 
It  is  given  to  the  practitioner  of  TM  by  a  trained  teacher  who 
instructs  him  in  its  use  at  an  initiation.   TM  is  practiced 
twice  a  day  for  15  to  20  minutes,  sitting  in  a  comfortable 
position  with  the  eyes  closed.   Unlike  some  other  meditation, 
TM  does  not  use  concentration  but  rather  "passive  volition" 
as  is  used  in  Autogenic  Feedback  (Green  et  al,  1970)  for 
control  of  the  autonomic  nervous  system. 

Maharishi  (1969)  emphasized  that  TM  "is  neither 
a  matter  of  contemplation  nor  concentration.   The  process  of 
concentration  and  contemplation  each  hold  the  mind  on  the 
conscious  thinking  level,  whereas  transcendental  meditation 
systematically  takes  the  mind  to  the  source  of  thought,  the 
pure  field  of  creative  intelligence." 

Wallace  (1970)  noted  that  during  meditation,  the 
transcendental  meditator  showed  changes  in  oxygen  consumption, 
brain  waves  and  skin  resistance.   He  observed  increases  in 
alpha  waves  during  meditation,  particularly  in  the  frontal 
areas  of  the  brain.   The  alpha  waves  were  more  intense  than 
when  his  subjects  merely  close  their  eyes.   The  meditators, 
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moreover,  were  deeply  relaxed.   In  other  words,  they  were  also 
awake  as  their  reactions  to  stimuli  demonstrated.   More 
recently,  Wallace  and  Benson  (1971)  studied  the  physiological 
effects  of  transcendental  meditation  in  American  subjects. 
The  subjects  had  been  practicing  meditation  procedures  for 
periods  of  between  one  month  to  nine  years,  with  the  majority 
of  the  subjects  having  had  from  two  to  three  years  of  'training" 
(two  15  -  20  minute  sessions  per  day).   In  these  exercises, 
the  subject  sits  in  a  comfortable  position  with  eyes  closed. 
The  meditator  then  perceives  a  suitable  sound  or  thought. 
Without  attempting  to  concentrate  specifically  on  this  cue, 
he  allows  his  mind  to  experience  it  freely.   Thinking,  as  the 
practitioners  themselves  report,  rises  to  a  finer  and  more 
creative  level  in  an  easy  and  natural  manner.   Wallace  and 
Benson  (1971)  found  these  meditation  procedures  to  be  associ- 
ated with  marked  intensification  of  alpha  waves  in  all  subjects. 
*J .   Relaxation  and  Alpha  Production 

Most  people  when  generating  alpha  express  the  feeling 
of  relaxation.   Erickson  (1967)  and  Kamiya  (1969)  described 
the  good  alpha  subject  as  a  person  who  appears  interested, 
relaxed,  and  comfortable.   These  individuals  look  people  in 
the  eyes  and  feel  comfortable  in  close  Interpersonal  relation- 
ships.  This  description,  it  should  be  rioted,  is  ued  to  define 
relaxed  persons  in  the  present  study. 

In  contast  to  the  description  of  Erickson  (1967)  and 
Kamiya  (1969),  Saul  and  David  (19^9)  noted  that  aggressive 
individuals  were  low  alpha  producers.   Glaser  (1963)  stated  that, 
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"tension,  apprehension,  and  anxiety  lead  to  a  decrease  in 
alpha  activity." 

Thus,  the  above  findings  lead  to  hypothesis  one: 
meditators  and  relaxed  persons  may  produce  higher  amounts  of 
alpha  than  non  meditators. 

D.   BIOFEEDBACK 

1 .  Definition 

Biofeedback  is  a  new  term  for  a  new  technique.   "Bio" 
comes  from  the  Greek  word  bios,  meaning  life  or  living  organism, 
"Feedback"  is  a  technical  term  referring  to  giving  back  the 
effect  of  a  process  to  its  source. 

Biofeedback  occurs  when  people  receive  information 
concerning  their  internal  state.   The  information  is  sent 
through  a  mechanical  device,  known  as  a  feedback  instrument. 

The  biofeedback  techniques  are  based  on  the  principle 
that  a  certain  response  is  made  when  informational  feedback 
is  received  by  the  organism.   These  reponses  are  adjusted, 
corrected,  and  modified  as  feedback  is  continually  received 
until  it  is  determined  that  a  final  goal  is  achieved.   This 
new  field  of  research  has  important  implications  for  the 
study  of  altered  states  of  consciousness. 

2 .  Biofeedback  and  Alpha  Training 

Kamiya  (1962,  1967,  1968,  and  1969)  was  the  first 
investigator  to  attempt  the  study  of  operant  control  of  EEG 
alpha  and  associated  changes  in  mental  activities. 

Kamiya  (1962)  was  first  interested  in  the  question  of 
whether  human  subjects  could  be  trained  to  discriminate  the 

32 


presence  or  absence  of  alpha.   The  subject  was  told  that  from 
time  to  time  he  would  hear  a  bell  ring;  when  he  heard  it,  he 
was  to  make  a  guess  as  to  whether  he  was  producing  or  not 
producing  alpha.   As  soon  as  he  made  his  response,  the  experi- 
menter told  him  if  he  was  correct.   The  result  indicated  that 
after  several  sessions  of  training,  most  subjects  had  increased 
their  discrimination  accuracy  well  above  the  5.0  percent  chance 
level . 

Kamiya  (1967,  1968,  1969)  then  turned  his  attention 
to  the  question  of  whether  subjects  could  exercise  control 
over  their  alpha  activity  and  produce  this  brain  wave  pattern 
on  command.   He  constructed  an  automated  biofeedback  system 
which  employed  an  electronic  device  that  would  turn  on  a 
sine-wave  in  the  subject's  room  when  the  alpha  wave  was  present 
The  tone  would  cease  as  soon  as  the  alpha  wave  would  disappear. 
Kamiya  then  conducted  a  number  of  experiments  where  he  would 
tell  the  subject  to  turn  the  tone  either  on  or  off.   In  the 
first  phase  of  this  research,  Kamiya  only  trained  people  to 
suppress  their  alpha,  finding  that  six  of  his  seven  subjects 
were  able  to  perform  this  task  (Kamiya,  1969).   In  another 
experiment  employing  three  conditions  (an  alpha  generation 
condition,  alpha  suppression  and  basal  level  rest  period), 
Kamiya  (1969)  found  a  marked  difference  between  generation 
and  suppression.   The  basal  level,  however,  was  higher  than 
the  generation  condition.   These  data,  however,  do  not  refute 
the  fact  that  autonomic  learning  has  occurred,  as  it  is  quite 
likely  that  basal  level  alpha  can  change  (Crider,  Schwartz 
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and  Shnidman,  1959).   It  should  also  be  noted  that  alpha  during 
the  generation  trials  was  of  a  higher  amplitude  than  the  alpha 
present  in  the  base  line  periods. 

Bundzen  (1965);  Dewan  (1966),  Mulholland  (1967),  Hart 
(1968)  and  others  have  also  demonstrated  that  subjects  can 
learn  to  control  the  appearance  of  their  alpha  wave  in  the 
EEG  record  through  an  auditory  feedback  loop  keyed  to  the 
alpha  which  lets  the  subject  know  when  he  is  producing  a 
designed  pattern.   Dewan  (1966)  was  able  to  learn  to  control 
the  presence  or  absence  in  his  own  EEG  record  so  well  that 
he  could  use  his  EEG  to  send  messages  to  a  computer  in  Morse 
code.   Hart  (1968)  has  shown  that  subjects  given  a  total  of 
two  minutes  immediate  feedback  for  presence  of  alpha  brain 
wave,  learn  fastex'  than  those  who  Just  receive  immediate  feed 
back.   Mulholland  (1967)  hypothesized  that  alpha  wave  was 
related  to  position  of  the  eye.   He  thought  alpha  increased 
when  the  eyes  are  moved  to  an  extreme  side  or  up  position. 
However,  a  study  of  lo  subjects  by  Fenwick  (1966)  found  that 
alpha  was  not  significantly  related  to  the  eye  position  sug- 
gested by  Mulholland  (1967),  although  a  few  of  the  subjects 
did  show  the  hypothesized  effect.   Furthermore,  Kamiya  (1967) 
stated  that  his  subjects  could  learn  to  control  alpha  with 
their  eyes  in  the  up  or  down  position.   Thus,  although  the 
Mulholland  effect  has  not  been  ruled  out  for  all  subjects,  it 
does  not  seem  to  be  widespread.   Mulholland  (1967)  recognized 
that  the  hypothesized  relationship  was  not  characteristic  of 
all  subjects.   The  above  research  leads  to  hypothesis  two: 
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subjects  given  biofeedback  training  produce  more  alpha  than 
subjects  with  no  biofeedback  training. 

3 .   Biofeedback,  Altered  States  of  Consciousness,  Alpha, 

and  Performance 

Krippner  (1969)  stated  that  the  implication  for  bio- 
feedback techniques  lies  in  the  creative  process.   There 
exists  annecdotal  and  clinical  evidence  suggesting  that 
altered  states  of  consciousness  may  facilitate  the  creative 
act.   By  enabling  individuals  to  enter  non-ordinary  states 
of  consciousness,  creative  ability  may  be  enhanced.   Murphy 
(1958)  delineated  several  stages  of  creative  process.   He 
designated  the  first  stage  as  "immersion."   The  individual 
sensitivity  contemplates  the  surrounding  environment  in 
preparation  for  a  syntnesis  and  consolidation  of  experiences 
which  eventually  leads  to  the  act  itself.   Particularly  in 
the  first  stage  of  immersion  and  contemplation,  biofeedback 
techniques  may  prove  to  be  quite  useful.   The  alpha  state 
has  often  been  described  as  a  passive,  contemplating  type 
of  experience.   Sometimes  the  subject  might  even  experience 
a  fusion  of  himself  with  the  surrounding  environment.   If  a 
person  can  be  taught  to  voluntarily  attain  this  type  of 
state,  his  creative  ability  might  possibly  be  facilitated. 

Moreover,  there  have  been  several  studies  on  para- 
normal phenomena.   Can  biofeedback  techniques  be  used  to 
train  such  "psi"  abilities  as  "extrasensory"  perception  (ESP)? 
In  the  studies  of  Ullman  and  Krippner  (1970);  Krippner  and 
Davidson  (1970);  Honorton  (1969);  Cavanna  (1970),  ESP  appears 
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to  be  facilitated  in  altered  states  of  consciousness.   Possibly, 
when  .an  individual  shifts  into  a  different  mental  state,  he 
becomes  temporarily  "suspended"  from  cultural  habits  and 
societal  conditioning  and  is  more  amenable  to  subtle  forms 
of  communication  such  as  the  "extra-sensory."   Thus  by  training 
a  person  to  shift  voluntarily  into  different  states,  these 
"extra-sensory"  processes  may  be  enhanced. 

The  findings  to  date  demonstrate  the  complexity  of 
this  area.   There  have  been  several  studies  on  the  relation- 
ship between  alpha  and  ESP  (Davidson  and  Krippner,  1971).   The 
findings  are  often  contradictory.   For  instance,  Honorton 
(1969)  and  Morris  (1969)  and  Cohen  (1969)  have  obtained 
results  suggesting  a  positive  relationship  between  ESP  and 
alpha.   Lovin  (1970) j  Carbone  (1971)  noted  that  there  is 
negative  relationship  between  ESP  and  alpha.   An  attempt  has 
been  .made  to  solve  this  problem.   Honorton,  Davidson,  and 
•  Binder  (1971)  >  together  with  other  researchers,  have  attempted 
to  obtain  more  concrete  data  on  the  nature  of  "psyf avorable" 
states  of  consciousness. 

There  have  been  fewer  studies  which  relate  alpha  and 
performance.   Kamiya  (1969)  examined  EEG  recordings  for  a 
number  of  speed  readers  and  found  they  were  "producing  lots 
of  alpha  in  strong  amplitudes."   The  power  reading  process 
is  based  on  a  relaxed  flowing,  and  turning  on  alpha  gives  a 
similar  state  of  mind.   Mont or  (1971)  chose  from  the  Naval 
Academy,  two  groups  of  25  midshipmen  each.   One  group  consisted 
of  midshipmen  who  had  cumulative  grade  point  averages  between 
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3.50  to  4.00.   The  other  group  consisted  of  midshipmen  who  had 
cumulative  grade  point  averages  between  2.00  to  2.25-   Montor 
then  administered  a  variety  of  tests  to  measure  their  brain 
wave  activity  while  resting,  solving  problems  and  under  stress. 
The  results  indicated  a  significant  difference  in  brain  wave 
activity  between  the  two  groups.   The  high  QPR  group  produced 
the  greater  amount  of  alpha. 

Beside  the  successful  associations  of  alpha  with  per- 
formance there  were  also  some  unsuccessful  associations  of 
alpha  with  performance.   Kamiya  (1971)  attempted  to  determine 
whether  subjects  trained  to  control  alpha  amplitude  would 
show  improvement  in  a  performance  task  if  break  periods  from 
the  task  were  used  to  maintain  high  alpha  amplitude.   The 
reasoning  under  this  hypothesis  was  that  alpha  is  often  regarded 
as  indicative  of  a  resting  or  idling  condition  which  may  be 
characteristic  of  rest  periods  from  performance  tasks. 

Five  young  male  adults  were  given  a  battery  of  per- 
formance tasks  with  a  four-minute  break  period  between  each 
task.   The  second  group  was  told  to  merely  wait  for  four 
minutes  between  tasks  while  the  experimental  group  was  trained 
to  produce  alpha  and  had  four  minutes  of  alpha  feedback  between 
tasks.   The  measures  were  verbal  auditory  vigilance,  rod  and 
frame,  Guilford  creative  intelligence,  visual  memory,  mental 
arithmetic,  digit  memory  span,  and  tone  tracking.   The  results 
were  negative.   The  conclusion  was  that  the  self  regulated 
high  alpha  break  period  did  not  facilitate  task  performance. 

Beatty  (1971)  has  studied  the  effect  of  alpha  feedback 

on  visual  information  performance.   In  this  study,  the  two 

measures  of  information  processing  capacity  utilized  were 
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short  term  memory  for  digits  and  choice  reaction  times.   The 
five  best  alpha-producing  subjects  were  used  in  the  short  term 
memory  study.   Occipital  alpha  was  monitored,  and  subjects  were 
trained  to  either  self-regulate  alpha  or  beta  activity.   The 
entire,  experiment  was  conducted  under  digital  computer  control. 
Crucial  to  the  assessment  of  the  effects  of  auto-regulated 
EEG  states  on  information  processing,  was  the  determination 
that  the  desired  state  was  reached  before  the  task  was  pre- 
sented.  On-line  computer  scanning  of  the  EEG  was  employed 
preceding  the  delivery  of  information  to  the  subject  on  each 
trial.   Each  trial  was  begun  by  an  instruction  for  the  subject 
to  produce  either  the  high  alpha  state  or  a  beta  state.   A 
computer  then  began  the  process  of  sampling  the  EEG  and 
measuring  one  wave  each  second  to  determine  its  period.   When 
the  desired  EEG  pattern  was  maintained  for  three  seconds,  the 
digits  were  presented.   The  data  indicate  that  there  was  essen- 
tially no  detectable  difference  in  the  efficiency  with  which 
most  of  the  subjects  process  symbol  digit  strings  when  those 
strings  are  presented  in  periods  of  occipital  alpha  or  beta 
frequency  activity. 

Thus,  the  theory  presented  from  the  beginning  through 
this  section  of  this  paper  promoted  the  following  factors  and 
relations.   The  human  auditory  sensitivity  relates  to  nervous 
states,  which  are  associated  with  the  states  of  consciousness. 
Fatigue  reduces  auditory  sensitivity.   Biofeedback  may  be 
effectively  used  in  altering  states  of  consciousness.   The 
alpha  state  is  considered  to  be  a  relaxed,  wakeful,  alert 
state  of  consciousness.   Several  studies  have  related  the 
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alpha  state  and  performance.   From  a  literature  review,  it 
became  evident  that  no  studies  empirically  related  alpha  and 
auditory  sensitivity.   Verbal  reports  indicated  an  alert  of 
sensitivity  state  associated  with  alpha  and  this  leads  to 
the  third  line  of  inquiry. 

Is  the  alpha  state  associated  with  a  change  in  human 
auditory  sensitivity?   That  is,  does  the  auditory  threshold 
vary  during  the  alpha  state? 
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II.   METHOD  AND  PROCEDURES 

A.   DESIGN 

In  order  to  test  the  hypotheses,  a  2  x  2  groups  design 
was  used  as  shown  below. 


Feedback 
Training 


Non  Feedback 
Training 


Meditator  and 
Relaxed  Persons 

Group  I 

Group  III 

Non  Meditators 

Group  II 

Group  IV 

Group  I:   Meditators  and  relaxed  persons  with  biofeedback 
training 

Group  II:  Non  meditators  with  biofeedback  training 

Group  III:  Meditators  and  relaxed  persons  without  bio- 
feedback training 

Group  IV:  Non  meditators  without  biofeedback  training 

All  members  of  these  groups  were  used  to  test  hypotheses  one 

and  two.   The  members  belonging  to  these  groups  who  produced 

high  percentage  of  alpha  volume  were  used  to  test  hypothesis 

three . 

B .   SAMPLE 

Because  of  the  substantial  amount  of  time  needed  for  alpha 
training  sessions,  randomization  of  the  sample  could  not  be 
accomplished.   Instead,  the  subjects  were  all  volunteers. 
Subjects  being  categorized  as  meditators  were  the  ones  who 
were  recognized  to  have  knowledge  of  meditation  techniques 
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and  who  had  been  practicing  meditation  regularly  and/or  period- 
ically.  Subjects  categorized  as  relaxed  persons  were  the  ones 
who  were  recognized  as  not  being  nervous  and  who  state  that 
they  could  empty  their  mind  easily.   The  composition  of  the 
sample  is  as  indicated  in  Table  I. 

Table  I 
The  Sample  Composition 

Subject    Sex   Age   Education   Meditation  Time 

Group  1  1  M 

2  M 

3  M 

4  M 

Group  2  5       F 

6  M 

7  M 

Group  3  8  M 

9  M 

10  M 

11  M 

Group  4  12  M 

13  M 

14  M 

15  M 

C.   APPARATUS 

1 .   Auditory  Threshold  Sensitivity  Testing  Equipment 

The  auditory  threshold  sensitivity  testing  equipment 
consisted  of  the  following:   an  audio  oscillator  to  generate 
a  tone,  a  signal  level  monitoring  device,  the  subject's  head- 
phone and  the  response  annunciators. 


ge 

Education 

33 
36 
31 
37 

College 
College 
College 
College 

55 
48 
28 

College 
College 

^  *-  -*-  -*-  *-  o  ^~ 

28 

29 
38 

28 

College 
College 
College 
College 

40 
33 
34 
41 

College 
College 
College 
College 

2 

years 

10 

months 

5 

years 

Relaxed 

2 

years 

20 

years 

R«=>  1  a  yp>c\ 

None 

None 

None 

None 

None 

None 

None 

None 

41 


By  manipulating  the  signal  level  monitoring  device, 
a  tone  level  generated  by  an  audio  oscillator  may  be  varied  by 
the  experimenter.   In  using  the  response  annunciator,  the 
subject  may  give  a  signal  back  to  the  experimenter  when  he 
can  hear  or  cannot  hear  the  given  tone.   The  auditory  thres- 
hold sensitivity  testing  equipment  is  illustrated  in  the 
sketch  below. 


Audio 
Oscillator 

Impedance 
matching 

Master 

attenuator 

S   response 

s    ^ 

indicator 
* r. 


^  5  db 

gain 
amplifier 


Signal 

level 
monitor 


-<r — -**>- 


Headphones 


S  #  1  response  annunciator 


S  #    2  response  annunciator 


2 .   Biofeedback  Equipment 

a.   Alpha  Feedback  Device 

The  experimenter  used  voice  feedback,  since  an 
automated  buzzer  was  not  available.   In  so  doing,  the  experi- 
menter announced  "alpha"  to  subjects  through  an  intercom  system 
when  alpha  brain  waves  appeared  on  the  EEG  graph  paper  or  on 
the  oscilloscope. 


b .   EEG  Equipment 

The  EEG  equipment  used  for  alpha  training  was  the 
Beckman  RM  recording  machine.   The  brain  waves  generated  by 
subjects  were  recorded  on  graph  paper  and  displayed  on  an 
oscilloscope . 

D.   EXPERIMENTAL  PROCEDURES 

The  experiment  was  conducted  at  the  man-machine  system 
design  laboratory  of  the  Naval  Postgraduate  School,  Monterey, 
California.   There  were  a  total  of  nine  sessions  for  each 
subjects . 

The  auditory  threshold  sensitivity  test  involved  two, 
forty-minute  sessions.   Each  sessions  included  20  minutes  for 
wiring.   The  length  for  auditory  threshold  sensitivity  testing 
was  20  minutes.   These  sensitivity  sessions  took  place  on  the 
first  and  the  ninth  sessions.   The  alpha  training  involved 
seven,  4 0-minute  sessions.   Each  session  included  20  minutes 
for  wiring.   The  length  for  alpha  training  was  20  minutes. 
These  sessions  took  place  from  the  second  to  the  seventh 
sessions . 

Upon  arrival  at  the  experimental  situation,  each  subject 
was  briefly  advised  of  the  purpose  of  the  experiment  and  of 
the  importance  to  the  experimenter  of  the  subject  doing  his 
best.   Moreover,  each  subject  was  recommended  to  make  daily 
notes  concerning  his  feelings  before,  during  and  after  each 
alpha  training  session.   These  written  impressions  were  sub- 
mitted to  the  experimenter  at  the  end  of  the  training  period 
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for  use  in  the  evaluation  of  alpha  training  of  each  subject. 
In  the  course  of  the  general  briefing,  surface  electrodes 
serving  as  EEG  pickups  were  applied  to  the  subjects.   The 
electrode  wiring  consisting  of  placing  the  three  electrodes 
at  the  proper  place  of  the  head.   For  the  left  part  of  the 
head,  the  first  electrode  used  as  grounding  was  placed  at  the 
lower  part  of  the  ear  lobe  (position  A,).   The  second  elec- 
trode was  placed  one  inch  on  the  left  of  the  parieto  occipatal 
lobe  (position  0-,  )  .   The  third  electrode  was  placed  at  one 
inch  to  the  left  of  the  occiptal  lobe  (position  C\ )  .   For  the 
right  part  of  the  head,  the  electrodes  would  be  applied  at 
the  position  A„,  0„  and  Cj. .   These  position  symbols  are  in 
accordance  with  the  international  (10  -  20)  electrode  place- 
ment conventions"'  system. 

In  order  to  see  if  there  is  any  difference  in  the  alpha 
production  from  the  left  or  the  right  side  of  the  brain,  each 
session,  the  electrodes  were  alternatively  placed  on  the  left 
then  the  rigth  hemisphere.   The  subject  was,  then,  moved  into 
an  8'  x  10'  booth  which  served  as  an  experimental  area,  seated 
in  an  easy  armchair,  and  instructed  to  rest  quietly  for  approx- 
imately three  minutes.   In  this  time,  the  auditory  threshold 
sensitivity  testing  equipment  and  brain  wave  recording  appar- 
atus was  hooked  and  calibrated.   At  the  conclusion  of  this 
time  period,  the  subject  was  given  detailed  instructions  for 
his  task  (presented  in  Appendix  A). 

To  determine  the  auditory  threshold,  each  subject  was 
instructed  about  how  and  when  to  monitor  the  response  annun- 
ciator.  In  each  of  two  sessions  of  auditory  threshold 


measurement,  before  the  real  testing  process  began,  the  subject 
had  three  minutes  of  practice  to  use  the  response  annunciator. 

In  the  first  session,  subject's  auditory  threshold  was 
measured  during  a  normal  state  of  consciousness.   During  the 
session,  the  subject  was  instructed  to  keep  the  eyes  open 
and  to  behave  normally.   The  auditory  threshold  was  then 
measured  by  method  of  limits . 

The  ninth  session  was  used  to  measure  auditory  threshold 
under  alpha  state.   The  process  of  measuring  auditory  threshold 
with  the  method  of  limits  was  the  same,  as  in  the  first  session 
except  that  the  subject  was  instructed  to  have  eyes  closed 
and  to  generate  as  much  alpha  as  possible.   The  experimenter 
gave  the  subject  a  stimulus  when  the  subject's  alpha  waves 
were  abundant  and  continuously  seen  on  the  EEG  graph  paper 
or  on  the  oscilloscope.   The  calculation  of  the  subject's 
absolute  threshold  was  conducted  according  to  method  of 
limits  (methods  of  limits  is  presented  in  detail  in  Appendix  B) 

The  alpha  training  took  place  from  the  second  session  to 
the  eighth  session.   Those  subjects  who  were  supposed  to  be 
trained  to  produce  alpha  with  biofeedback  were  instructed 
through  the  intercom  system  concerning  the  signal  given  by 
the  experimenter.   They  were  told  to  sit  still  with  closed 
eyes  and  to  try  to  relax.   These  subjects  were  also  told  that 
the  "alpha"  announcement  would  occur  when  they  produced  alpha. 
They  were  asked  to  maintain  the  same  state  they  were  in  when 
the  "alpha"  announcement  was  given. 
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Subjects  who  were  supposed  to  be  trained  in  alpha  produc- 
tion without  biofeedback  were  told  to  sit  still  with  their 
eyes  closed.   They  were  also  told  to  relax  and  to  produce 
alpha  by  themselves. 

The  brain  waves  of  each  subject  were  recorded  by  the  pen 
recording  of  a  Beckman  RM  recording  machine.   The  percentage 
of  alpha  of  each  subject  was  measured  by  the  experimenter 
after  each  session. 
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III.   RESULTS 

A.   BIOFEEDBACK  TRAINING 

The  biofeedback  training  performance  of  15  subjects  com- 
posed of  seven  meditators/relaxed  persons  and  eight  non 
meditators  were  evaluated  by  measuring  their  percentage  of 
alpha  production  in  seven  sessions.   The  data  collected  in 
these  experiments  are  shown  in  Table  II. 

Table  II 
Percentage  of  Alpha  Produced  During  Each  Session 
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A  comparison  of  percentage  alpha  production  of  meditators 
and  relaxed  persons  with  non  meditators  is  illustrated  in 
Figures  1  and  2. 

From  these  two  figures,  it  is  noted  that  the  majority  of 
the  meditators  produced  a  higher  percentage  of  alpha  than  the 
non  meditators.   In  supporting  this,  Figure  3  illustrates  the 
average  percentage  of  alpha  production  for  the  two  above 
mentioned  groups.   An  analysis  of  the  significant  difference 
between  the  population  means  of  percentage  of  alpha  produced 
by  meditator  and  relaxed  person  group  (Ax.)  and  non  meditator 


group  (/X.Y .)   were  conducted. 


A 

A 

The  Null  hypothesis  derived  from  this  test  which  was 

rejected  at  the  5%    level  of  significance  as  seen  from  the 
derived  95#  confidence  interval,  confirms  the  significant 
difference  of  these  two  population  means.   (Details  of  the 
analysis  are  presented  in  Appendix  C-IIa.) 

Moreover,  a  t  test  was  also  conducted  and  the  results  are 
summarized  in  Table  III. 

Table  III 
T  Test  Results 
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of  alpha  N  S      t    df     P 

Meditator  &  Relaxed       40  7  320.1^6.530   103    0.05 
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Non  Meditator  Group        20.2  8  167-7 
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Average  Percentage  of  Alpha  Produced  by  Meditator 
&  Relaxed  Person  and  Non  Meditator  Groups 


The  value  of  t  shown  in  this  table  indicates  a  significant 
difference  between  the  mean  percentage  of  alpha  produced  by 
the  meditators  and  relaxed  persons,  and  the  non  meditators  at 
.05  level  of  significance. 

Thus,  hypothesis  one  is  then  confirmed. 

A  comparison  of  the  percentage  of  alpha  production  of 
subjects  being  provided  feedback  training  with  subjects  not 
given  feedback  training  is  illustrated  in  Figures  4  and  5- 

From  these  two  figures,  it  is  noted  that  the  majority  of 
subjects  being  trained  with  biofeedback  produced  a  higher 
percentage  of  alpha  than  the  ones  being  trained  without  feed- 
back.  Figure  6  illustrates  the  net  difference  between  average 
percentage  of  alpha  of  these  two  groups  of  subjects.   An 
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analysis  of  the  difference  between  population  means  of  the 
percentage  of  alpha  produced  by  the  group  of  subjects  using 
biofeedback  training  (y(xR)  and  the  ones  not  using  biofeedback 
training  (/(yr)  was  conducted. 

The  Null  hypothesis  derived  from  this  test  which  was 
rejected  at  the  .05  level  of  significance  confirmed  the 
significant  difference  between  the  two  population  means. 
(Details  of  the  analysis  are  presented  in  Appendix  C-IIIa). 

Moreover,  a  t  test  was  also  conducted  and  the  results 
are  summarized  in  Table  IV. 

Table  IV 
T  Test  Results 


Feedback  Group 
Non  Feedback  Group 


Mean    of    % 
of   alpha 

N 

35.4 
22.6 

8 
7 

df     P 

289.3  .  3-773   103    .05 
307.0 
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The  value  of  t  shown  in  Table  IV  indicates  the  significant 
difference  between  the  mean  percentage  of  alpha  produced  by 
subjects  being  provided  feedback  training  and  the  subjects 
not  being  provided  feedback  training. 

Thus,  hypothesis  two  is  confirmed. 

B.   AUDITORY  THRESHOLD  SENSITIVITY  TESTING 

In  order  to  evaluate  the  auditory  threshold  sensitivity 
under  normal  and  alpha  state,  five  subjects  producing  the 
highest  percentage  of  alpha  were  selected  to  measure  auditory 
threshold  during  the  alpha  state.   The  value  of  their  ascending 
and  descending  thresholds  obtained  from  these  two  states  are 
shown  in  Table  V. 

From  Table  V,  it  is  noted  that  the  ascending  auditory  thres- 
holds were  generally  lower  during  alpha  state,  while  the 
descending  thresholds  were  slightly  improved.   The  values  of 
auditory  absolute  thresholds  were  computed  and  presented  in 
Table  VI. 

From  Table  VI,  it  is  noted  that  the  auditory  absolute  thres- 
holds of  all  five  subjects  improved  slightly. 

An  analysis  of  the  significant  difference  between  population 
means  of  the  auditory  thresholds  sensitivity  under  normal  state 
and  alpha  state  was  conducted. 

The  Null  hypothesis  derived  from  this  test,  which  could  not 
be  rejected  at  the  .05  level  of  significance  as  seen  from  the 
derived  95$  confidence  interval  indicates  that  the  difference 
of  these  two  population  means  is  insignificant.   (Details  of 
the  analysis  are  presented  in  Appendix  C-IIIa.) 
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Table  V 
Ascending  and  Descending  Auditory  Threshold  Sensitivity 
Under  Normal  and  Alpha  State  in  Relative  Units 


s1  s2  s3 
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Ascending  Ascending  Ascending 

1st  4        5  6        7  5        6 
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Moreover,  a  t  test  was  conducted  and  the  results  are 
summarized  and  presented  in  Table  VII. 

Table  VI 
Absolute  Thresholds  Obtained  Under  Normal 
and  Alpha  State  in  Relative  Units 

Subject  Normal  State  Alpha  State 
S1                  6.06  5-625 

s2  5.625  5.43 

S^  6.06  5.18 

Sj,  6.62  6.18 

sc  7.68  7.06 


Table  VII 
Summarization  of  T  Test  Results 
of  Thresholds  Analysis  Under  Alpha  and  Normal  State 


df 


Mean  of 

S2 

Thresholds 

N 

Threshold  Under 

Normal  State 

6.408 

5 

1.98 

Threshold  Under 

Alpha  State 

5.89M 

5 

2.78 

1.636   78    N.S.* 


*  not  significant 

The  t  value  shown  in  Table  VII  had  demonstrated  the  insig- 
nificant difference  between  thresholds  measured  under  normal 
state  and  alpha  state. 
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Thus,  hypothesis  three  is  rejected.   There  is  no  signifi- 
cant auditory  threshold  sensitivity  improvement  during  the 
alpha  state  as  compared  with  the  normal  state. 
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IV.   DISCUSSION 

A.   BIOFEEDBACK  TRAINING 

Significant  differences  between  the  percentage  of  alpha 
production  by  meditators  or  relaxed  persons  and  non  meditators, 
by  subjects  being  feedback  and  not  being  feedback  were  revealed 
in  the  results  of  laboratory  experimentation  presented  in 
Chapter  III. 

Evidence  was  presented  which  supported  the  hypothesis  that 
meditators  or  relaxed  persons  generate  more  alpha  than  the 
non  meditators.   The  results  in  Table  II  indicate  that  this 
difference  is  statistically  significant  at  the  .05  level. 

In  reviewing  the  percentage  of  alpha  production  of  each 
subject  in  Figures  1,  2,  k    and  5>  it  was  noted  that  some  subjects 
belonging  to  the  non  meditation  group  produced  a  higher  per- 
centage of  alpha  than  some  subjects  belonging  to  the  meditation 
group.   It  was  also  noted  that  some  subjects  belonging  to  non 
feedback  training  group  produced  a  higher  percentage  of  alpha 
than  some  subjects  belonging  to  the  feedback  training  group. 
For  the  latter  case,  subject  six's  high  alpha  production   could 
be  explained  by  comparing  his  meditation  time  of  over  20  years 
to  the  meditation  time  of  the  other  subjects  which  have  been 
just  a  couple  of  years. 

Moreover,  qualitative  data  acquired  from  the  subjects' 
verbal  report  after  each  session,  and  subjects'  written  report 
after  the  training  period,  it  was  noted  that: 
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Meditators  spending  years  in  meditation  may  increase  or 
decrease  the  amount  of  alpha  produced  daily. 

Meditators  who  were  newly  involved  in  meditation  gener- 
ated non  homogenous  amount  of  alpha,  due  to  their  attempt 
in  testing  different  techniques  of  meditation. 

Non  meditators  being  provided  feedback  enjoyed  controlling 
their  minds  very  much. 

Hypothesis  one  is  supported  by  similar  results  found  by 
different  researchers  (Kamiya,  1967 >    1968;  Wallace,  1970)  and 
is  further  justified  by  Lynch  and  Paskewitz  (1971)  when  these 
two  researchers  noted  that  the  mental  blankness  and  abstract 
thinking  were  associated  with  alpha  activity.   In  additiion, 
by  referring  back  to  the  psychology  of  meditation  of  Zen  and 
transcendental  meditation,  Kasamatsu  and  Hirai  (1969)  stated 
that  "by  practicing  meditation,  it  is  said  that  man  can  become 
emancipated  from  the  dualistic  bondage  of  subjectivity  and 
objectivity  of  mind  and  body  and  of  birth  and  death.   And  he 
can  be  awakened  to  his  pure  sense  and  true  self."   Maharishi 
(1969)  emphasized  that  "TM  is  neither  a  matter  of  concentration 
nor  contemplation.   The  process  of  concentration  and  contem- 
plation each  hold  the  mind  on  the  conscious  thinking  level, 
whereas  transcendental  meditation  systematically  take  the 
mind  to  the  source  of  thought  the  pure  field  of  creative 
intelligence."   These  processes  in  conjunction  with  the 
reported  state  of  pleasant  relaxation  of  meditator  subjects 
in  Kamiya's  study  in  1969  explain  further  that  people  who 
have  experienced  their  physiological  change  may  produce  more 
alpha  than  the  ones  who  have  not  been  experienced  in  these 
states  of  mind. 
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Evidence  was  presented  which  also  supported  the  hypothesis 
that  the  subjects  being  provided  feedback  generate  more  alpha 
than  the  subjects  not  being  provided  feedback.   Table  III 
indicates  that  there  Is  a  significant  difference  at  the  .05 
level.   Feedback  seems  to  produce  a  marked  effect  on  the 
percentage  of  alpha  generated. 

This  hypothesis  two  is  supported  by  similar  results  found 
by  different  researchers.   Kamiya  (1962),  Mulholland  and  Evans 
(1966),  Dewan  (1967),  Hart  (1967)  noted  that  feedback  via  an 
external  path  permits  the  subjects  to  receive  information 
about  processes  which  are  not  presented  in  subjective  con- 
sciousness.  For  instance,  subjects  are  not  aware  of  their  brain 
rhythms.   They  cannot  learn  to  control  the  occurrence  of  alpha 
without  feedback.   However,  with  feedback  stimulation  which 
informs  the  subject  when  the  alpha  is  off  or  on,  a  subject 
can  control  his  alpha  rhythm.   Simonov  and  Velueva  (1966) 
state  that  control  of  physiological  processes  as  seen  in  the 
highly  skilled  practiced  of  Yoga  or  in  the  trance  state  of 
the  mystic  required  years  of  training.   The  voluntary  control 
of  these  processes  may  be  more  efficiently  learned  using  feed- 
back training  permitting  an  increase  in  the  range  of  psycho- 
logical experiences  associated  with  physiological  changes  for 
more  people.   Feedback  presented  may  act  as  a  signal  or  cue 
for  the  person  to  attend  to  what  his  particular  condition 
feels  like.   Perhaps  through  feedback  the  person  can  focus 
on  the  feeling  at  the  moment  and  learn  to  recognize  that 
state  and  maintain  it. 
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Due  to  the  verbal  report  after  each  experimental  session 
and  by  the  investigation  of  the  written  report  submitted  to 
the  experimenter  after  the  subjects'  experimental  period,  it 
is  noted  that  the  majority  of  the  subjects  expressed  the 
feeling  of  relaxation.   This  was  the  same  as  the  other 
researchers  who  have  found  from  their  subjects  that  the  alpha 
state  is  described  as  a  relaxed  state.   (Green,  196l;  Walters, 
196l;  Murphy  1961).   However,  there  were  some  subjects  from 
the  non  meditator  group  who  generated  much  alpha,  stated  that 
they  were  not  relaxed  during  alpha  state.   They  felt  tired 
and  some  got  headaches  for  four  to  five  hours  after  each  alpha 
training  session.   This  leads  to  the  other  phsyiological  effects 
between  alpha  and  mental  state,  which  are  necessary  to  be 
investigated. 

Finally,  some  subjects  who  were  meditators  expressed  the 
feeling  that  the  Zen  meditation  technique  may  help  to  generate 
alpha  more  easily  than  the  transcendental  meditation  technique. 

B.   AUDITORY  SENSITIVITY  THRESHOLDS  UNDER  ALPHA  STATE 

The  insignificant  difference  between  the  population  means 
of  the  thresholds  under  normal  state  and  alpha  state,  together 
with  the  decrease  in  ascending  thresholds  under  alpha  state 
of  the  five  subjects  presented  in  Table  V  had  further  supported 
the  unsuccessful  experimentation  results  conducted  by  Kamiya 
(1971)  and  Beatty  (1971)  when  these  two  researchers  tried  tc 
relate  alpha  to  perceptual  sensitivity  performance.   The  two 
experiments  conducted  by  Kamiya  (1971)  and  Beatty  (1971)  were 
presented  in  Chapter  I,  Part  D. 
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The  results  of  all  three  studies  Indicated  that  merely 
associating  a  specific  physiological  state  with  effective 
performance  is  conceptually  toe  simple.   It  appears  that  even 
with  a  single  subject,  effective  performance  can  be  maintained 
by  varying  psychological  states  and,  indeed,  that  the  internal 
state  should  probably  vary  depending  upon  the  requirement  of 
the  particular  subject  and  the  particular  task.   Remember 
Hebb '  s  (19*19)  on  optimal  levels  of  arousal  associated  with 
particular  activity.   To  assume  that  a  particular  amount  of 
alpha  would  always  be  associated  with  more  efficient  cognitive 
functioning  does  not  seem  tenable.   Thus,  the  goals  of  many 
of  the  researchers  to  find  physiological  correlates  of  effec- 
tive performance  will  probably  not  be  successful  when  taken 
aci'oss  individuals,  even  if  a  particular  correlate  could  bo 
identified  within  a  single  individual. 

During  the  threshold  sensitivity  evaluation,  it  was  noted 
that,  in  the  ascending  threshold  measurement  phase,  when  the 
subject  first  perceived  the  tone  given  by  the  experimenter, 
his  alpha  was  blocked.   This  event  agrees  with  Ornes  and 
Paskewitz's  (1971)  report.   These  researchers  noted  that  when 
given  a  complex  task,  subjects  trained  in  alpha  control  did 
not  continue  to  produce  alpha,  but  instead  showed  consistent 
alpha  blocking.   This  phenomenon  has  been  known  for  many  years 
and  thus  was  hardly  a  new  finding.   However,  listening  to  a 
tone  is  hardly  a  complex  cognitive  task.   The  results  in  Table 
VI,  although  not  statistically  different  at  .05  level  of 
significance,  are  all  in  the  same  direction.   Perhaps  with 
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further  training,  the  difference  between  auditory  thresholds 
during  normal  and  alpha  states  would  be  larger. 
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V.   SUGGESTIONS  FOR  FURTHER  STUDIES 

Because  of  the  tight  resource  constraints  and  the  limited 
time  available,  the  study  was  conducted  with  a  small  sample 
size,  fewer  sessions,  and  a  less  appropriate  amount  of  equip- 
ment than  desired  for  experimenter.   Therefore,,  the  study 
made  and  presented  in  this  paper  might  be  considered  as  a 
pilot  study. 

In  order  to  express  a  firm  conclusion  about  alpha  training 
and  the  relation  between  alpha  and  human  auditory  sensitivity, 
it  is  suggested  that  this  research  be  continued  with  the 
following  recommendations. 

1.  Use  two  larger  groups  of  subjects  consisting  of  medi- 
tators and  non  meditators. 

2.  Meditators  should  be  selected  from  the  ones  who  have 
spent  many  years  in  meditation  and  from  different  types  of 
meditation  (Zen,  Yoga,  TM,  etc.). 

3.  More  sessions  should  be  used  so  that  subjects  gain 
more  experience  in  the  alpha  training  process.   This  should 
give  a  more  legitimate  test  of  the  relationship  between  the 
alpha  state  and  auditory  sensitivity.   More  sessions  would 
also  increase  the  familiarity  of  the  alpha  state  to  the 
subjects  and  thus  it  should  make  it  easier  to  recognize  what 
the  alpha  state  "feels"  like. 

^ .      Biofeedback  equipment  should  use  the  buzzer  instead 
of  voice  feedback. 
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5.  Auditory  sensitivity  thresholds  measurement  equipment 
must  be  adequate  and  precise. 

6.  Give  more  comfort  to  the  subjects  by  minimizing  noises 
coming  from  the  outside  of  the  experimental  booth. 

7.  Better  equipment  to  put  electrodes  on  the  subject's 
head. 
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APPENDIX  A 
INSTRUCTIONS  TO  SUBJECTS 

1.  You  are  going  to  be  involved  in  nine  sessions  of  experi- 
mentation in  this  laboratory  to  be  evaluated  about  your 
auditory  threshold  sensitivity  under  normal  state  and  alpha 
state,  and  to  be  measured  in  the  percentage  of  alpha  generated 
during  the  alpha  training  period.   Auditory  threshold  evaluation 
will  take  place  on  the  first  and  on  the  ninth  sessions.   The 
alpha  training  period  will  be  from  the  second  to  the  eighth 
sessions . 

2.  You  may  have  your  own  ideas  about  an  experiment  of  this 
type,  but  you  are  asked  to  forget  all  that  you  know  or  have 
heard  and  follow  instructions  are  presented  to  you. 

3.  During  the  experiment,  the  communication  between  you  and 
the  experimenter  will  be  conducted  through  the  intercom  system. 

4.  As  mentioned  in  part  1,  the  first  session  is  the  auditory 
threshold  sensitivity  testing  under  normal  state.   You  are 
requested  to  have  eyes  opened  and  pay  attention  to  the  tone 
given  by  the  experimenter  through  the  headphone  you  wear.   The 
experimenter  will  ask  you  to  push  the  annunciator  located  on 
your  right  or  left  side  of  your  seat,  either  when  the  tone  is 
given  or  when  it  disappears  according  to  the  requirement  of 
the  experiment.   Before  the  session  you  will  have  three  minutes 
to  practice  this . 
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5.  From  the  second  to  the  eighth  sessions,  you  will  conduct 
the  alpha  training  with  (without)  feedback.   During  these 
sessions,  you  are  asked  to  sit  still  and  relax  as  much  as 

you  can.   For  those  who  are  supposed  to  conduct  alpha  training 
with  feedback  the  voice  announcement  of  "alpha"  will  be  pro- 
vided when  you  generate  alpha.   You  are  asked  to  recognize 
the  alpha  state  of  mind  and  keep  it  on  in  order  to  generate 
as  continuous  alpha  as  possible.   When  you  don't  hear  the 
alpha  feedback,  calm  your  mind  and  relax  to  regain  the  alpha 
announcement.   For  those  who  are  supposed  to  conduct  alpha 
training  without  feedback,  you  are  requested  to  sit  still  and 
relax  to  generate  alpha  by  yourself. 

6.  In  the  ninth  session,  those  who  generate  high  percentage 
of  alpha  will  be  asked  to  participate  in  the  auditory  thres- 
hold sensitivity  under  alpha  state.   In  this  session,  you  are 
requested  to  have  eyes  closed  and  generage  as  much  alpha  as 
possible.   Like  the  first  session,  you  will  push  the  annunciator 
when  the  tone  is  given  or  when  it  disappears  following  the  exper- 
imenter's recommendations. 

7.  During  the  alpha  training  period,  when  you  relax,  you  will 
easily  fall  asleep.   So,  try  to  relax,  but  not  to  sleep, 
because  alpha  may  only  be  generated  when  you  are  relaxed. 

8.  Throughout  the  experiment,  it  will  be  important  to  notify 
that  you  minimize  body  movement.   You  will  probably  find  it 
necessary,  however,  to  shift  your  position  from  time  to  time. 
By  all  means,  feel  free  to  do  so.   The  experimenter  only  asks 
that  when  you  must  move,  get  yourself  readjusted  comfortably 
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and  then  to  remain  still.   An  occasional  movement  is  much 
better  than  continuous  fidgeting. 

9.  After  each  session,  you  are  requested  to  note  your  feelings 
about  before,  during  and  after  the  experiment.   This  note  will 
be  submitted  to  the  experimenter  at  the  end  of  the  experimental 
period  for  use  in  the  evaluation  of  your  alpha  training  status. 

10.  Thank  you  for  your  assistance.   Do  you  have  any  questions? 


67 


APPENDIX  B 
MEASURING  THRESHOLD  BY  METHOD  OF  LIMITS 

1.   The  Problem 

The  method  of  limits  is  one  of  the  most  frequently  used 
methods  for  determining  the  absolute  threshold.   In  psycho- 
physics,  the  absolute  threshold  or  stimulus  limen,  is  given 
an  operational  definition  that  corresponds  to  the  value  of 
the  stimulus  that  is  detected  and  reported  by  an  observer  on 
fifty  percent  of  the  trials  (Corso,  1967). 

The  fundamental  notion  is  that  in  any  psychological  study, 
there  are  three  quantitative  variables  involved.   One  of  these 
variables  is  on  a  physical  or  stimulus  continuum,  the  second, 
on  a  subjective  continuum,  and  the  third,  on  a  judgment   con- 
tinuum.  It  is  assumed  that  the  latter  two  variables  are 
linearly  and  perfectly  correlated.   This  means  that,  given 
certain  data  on  the  judgment  continuum,  implication  may.  be 
drawn  concerning  the  nature  of  the  occurences  on  the  subjective 
(sensory)  continuum. 

It  has  also  been  pointed  out  that  a  given  phsyical  con- 
tinuum usually  extends  from  an  infinitely  small  value  (theor- 
etically the  lower  limit  of  zero)  to  some  finitely  large 
magnitude.   The  range  of  this  continuum  is,  therefore,  so 
great  that  the  organism  is  incapable  of  responding  either  to 
the  exceedingly  small  quantities  of  the  property  under  con- 
sideration, or  to  the  exceptionally  large  quantities.   Thus, 
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the  subjective  continuum  may  be  considered  to  be  shorter  than 
the  physical  continuum  at  both  ends. 

The  concept  of  the  absolute  threshold  applies  to  the  lower 
end  of  the  phsyical  continuum.   It  is  the  value  on  the  physical 
continuum  which  separates  the  stimuli  that  are  not  capable  of 
eliciting  a  behavioral  response  from  those  that  are.   At  the 
upper  end  of  the  physical  continuum,  the  terminal  stimulus, 
or  terminal  limen,  is  a  value  on  the  continuum  which  separates 
the  stimuli  that  are  capable  of  eliciting  a  behavioral  from 
those  that  are  not.   In  either  case,  there  is  an  underlying 
zone  of  transition  on  the  subjective  continuum  which  leads 
to  a  change  in  the  type  of  behavioral  response  made  by  the 
observer. 

.  The  notion  of  a  zone  of  transition  implies  that  the  exact 
location  of  the  absolute  threshold  varies  from  moment  to  moment 
as  measured  over  a  given  portion  of  the  physical  continuum. 
The  variation  may  be  due  to  a  large  number  of  factors  such 
as  extraneous  "noise"  in  the  nervous  system,  fluctuations 
in  attention,  change  in  the  criterion  of  response  and  so  on. 
The  result  is  that  random  variations  in  sensitivity  are  invari- 
ably observed  in  psychophysical  experiments.   Consequently, 
a  number  of  observations  must  be  made  in  determining  the  thres- 
hold value.   This  generates  a  distribution  of  observations 
that  encompass  the  transition  zone.   On  the  basis  of  this 
distribution,  the  stimulus  lirnen  is  given  a  statistical 
definition.   It  corresponds  to  the  centra]  tendency  (usually 
the  arithmetic  mean)  of  the  distribution  of  observations. 
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2 .   The  Procedure  , 

A  basic  requirement  of  the  method  of  limits  is  that  the 
stimulus  must  be  variable  in  small  discrete  steps  of  equal 
physical  magnitude.   This  requirement  is  easily  met  in  the 
determining  of  absolute  threshold  for  tone.   The  experimenter 
presents  a  series  of  stimuli,  each  differing  by  a  small  amount 
from  the  preceding  one.   For  each  stimuli  in  the  series,  the 
experimenter  records  the  response  of  the  observer. 

In  the  determination  of  an  absolute  threshold,  two  kinds 
of  stimulus  series  are  generally  employed:   an  ascending  series 
and  a  descending  series.   In  the  ascending  series,  the  initial 
stimulus  of  the  series  is  presented  well  below  the  threshold 
and,  on  each  suceeding  trial,  the  experimenter  increases  the 
magnitude  of  the  stimulus  by  a  constant  small  step  until  the 
observer  detects  the  presence  of  the  stimulus  and  gives  a 
positive  response.   In  the  descending  series,  the  initial 
stimulus  .of  the  series  is  presented  well  above  the  threshold 
and,  on  the  suceeding  trial,  the  experimenter  decreases  the 
magnitude  of  the  stimulus  by  constant  small  steps  until  the 
observer  can  no  longer  detect  the  presence  of  the  stimulus 
and  gives  a  negative  report.   Each  series  is  stopped  as  soon 
as  the  observer's  report  changes  from  "+"  to  "-"  or  from  "-" 
to  "+"  depending  on  the  direction  of  the  series. 

In  determing  a  threshold  value,  the  experimenter  usually 
employs  several  ascending  and  descending  series.   These  two 
types  of  series  may  be  presented  in  alternation:   for  example, 
descending,  ascending,  descending,  ascending.   They  could 
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also  be  presented  in  a  prearranged  sequence,  with  the  total 
number  of  ascending  trials  being  equal  to  the  total  number  of 
descending  trials. 

The  use  of  both  ascending  and  descending  trials  tends,  in 
the  computation  of  the  absolute  threshold,  to  cancel  out  two 
constant  errors  which  may  occur  in  the  method  of  limits.   These 
are  the  error  of  habituation,  in  which  the  observer  tends  to 
give  the  same  response  for  too  many  trials  within  the  given 
series  for  example,  "yes"  in  a  descending  series  and  "no"  in 
an  ascending  series  and  the  error  of  expectation  in  which 
the  observer  prematurely  changes  his  response  from  negative 
to  positive,  or  from  positive  to  negative,  because  he  thinks 
a  change  should  have  occurred  in  view  of  the  number  of  trials 
or  the  amount  of  time  that  has  elapsed  since  the  beginning 
at  the  particular  series. 

3.   The  Computation 

To  illustrate  the  computation  of  the  absolute  threshold 
in  the  method  of  limits,  suppose  than  an  experiment  has-been 
performed  to  determine  the  auditory  absolute  threshold.   Assume 
that  by  means  of  a  sound  generator,  a  series  of  graduated 
sounds  was  provided  to  an  auditory  system  in  accordance  with 
the  requirement  of  the  method  of  limits.   Assume  also  that 
the  results  for  one  observer  in  such  an  experiment  are  in 
the  table  shown  below  in  which  the-  magnitude  of  the  stimulus 
is  specified  in  decibels.   The  "+"  sign  indicates  a  positive 
report,  and  the  "-"  sign  indicates  a  negative  report. 
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Determination  of  the  Auditory  Absolute  Threshold 
By  Method  of  Limits 
(Ficticious  Data) 

_____ 

mulus 
in 

Deci-  

bels   Descending  Ascending  Descending  Ascending  Descending  Ascending 

21  + 

20  + 

19  +  + 

18  +  + 

17        +  + 

16       +  + 

15       +  +  + 

m  +  +  + 

13  +         +         + 

12  +  + 

11  +  + 

10  + 

8 

6 
5 

Thres-    13-5      11.5       9-5       12.5       12.5      10.5 

hold 

Series 

Descending  threshold  =  (13-5  +  9-5  +  12.5)/3  =  11.8  decibels 

Ascending  threshold   =  (11.5  +  12.5  +  10.5)/3=  11-5  decibels 

Absolute  threshold   +  (11.8  +  11.5)/2       +  11.65  decibels 

There  are  three  descending  and  three  ascending  trials  pre- 
sented in  alteration.   Each  series  yeilds  a  threshold  value. 
This  value  is  taken  as  the  midpoint  between  the  stimulus  magni- 
tude which  terminates  a  series  and  the  stimulus  magnitudes 
immediately  preceding  it.   For  instance,  in  the  first  descending 
trial  shown  in  the  table,  the  absolute  threshold  is  taken  to 
be  13-5  decibels.   However,  a  more  reliable  estimate  of  thres- 
hold may  be  obtained  by  averaging  the  values  obtained  in  each 
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of  the  six  series.   A  common  procedure  for  doing  this  is  to 
average  the  threshold  values  for  all  descending   series  to 
obtain  a  descending  threshold,  and  to  average  the  threshold 
values  for  all  ascending  series  to  obtain  an  ascending  thres- 
hold.  The  absolute  threshold  is  then  obtained  by  finding  the 
mean  of  these  two  estimates. 
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APPENDIX  C 

Table  Ila 

Statistical  Analysis  of  significant  difference  between  popu- 
lation mean  of  percentage  of  alpha  produced  by  meditator  and 
relaxed  person  and  non  meditator  groups . 
1. 

X.  e  percentage  of  alpha  produced  by  each  meditator  and 
relaxed  person  in  each  session 

Y.  e  percentage  of  alpha  produced  by  each  non  meditator  in 
each  session 

yX.  e  population  mean  of  percentage  of  alpha  produced  by 
meditators  and  relaxed  persons 

uY.  e  population  mean  of  percentage  of  alpha  produced  by 
non  meditators 

49    2 

I     XA  =  93,765  XA  =  40 

i=l 

56    2 

I      Y/  =  32,067  Y.  =  20.2 

i  =  l   A  A 

49    2     -  2 
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sxA m ~    KB —         "  320a 

56    2     -  2 

E   YA   "  56YA 
q  2    1  =  1   A _      32,076  -  22,850   _  -,  rn    7 

bY  55         "         55        "   157^ 


(XA  -  V  "  (^A  -  yYA> 
|  n   m 


Under  HQ:   — A        —  ^   tn+m-2apprOX  N(0)1) 
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95%   confidence  interval  for  (p. 


lA 


Vy      )   iS 

A 


(X.  -  7.)  ±  1.96  a    \  -   +  - 
A    A  y  n   m 


,   11483^  +  55SY^ 


103 


20.2  ±  1.96  x  15.4  x  0.195 <   =  l'15365-^9226 


19.8  ±  5.88 
(13.92,25.68) 


15.4 


V   y  n   m 


=  0.195 


Null  hypothesis  for  uY  =  uv   is  rejected 

AA    YA 


2.   t  test 


XA  "  YA 


t   = 


(n-l)SY2  +  (m-l)Sv2 
*A TA 

n+m-1 


n   m 


40  -  20.2 


(48)(320.1)  +  (55)(167.7)  ,  1  ,  1  x 
103  VW   55" 


=  6.530 


t* 


=  1.986 


df  =  n+m-2   =   103 
P  =  .05 

HQ  is  rejected  at  .05  level  of  significance 
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Table  Ilia 

Statistical  Analysis  of  significant  difference  between 

population  mean  of  percentage  of  alpha  produced  by  subject 

group  being  feedback  and  not  being  feedback. 

1. 

XR   =  percentage  of  alpha  produced  by  each  subject  being 
feedback  in  each  session 

YR   =  percentage  of  alpha  produced  by  each  subject  not  being 
feedback  in  each  session 

y   =  population  mean  of  percentage  of  alpha  produced  by 
B    subjects  with  feedback 

Y   =  population  mean  of  percentage  of  alpha  produced  by 
B   subjects  without  feedback 

56 
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95%   confidence   interval   for    (yY     -   yv    )    is 

AB  *B 


C^B"  V    *    1-9g  Sl/n   +  H 
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HQ  is  rejected  at  0.05  level  of  significance 
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Table  Via 

Statistical  analysis  of  significant  difference  between 

population  mean  of  thresholds  under  normal  state  and  alpha 

state . 

1. 

X_   =  threshold  of  each  subject  measured  in  each  trial  in 
normal  state 

Y   e  threshold  of  each  subject  measured  in  each  trial  in 
alpha  state 

=  population  mean  of  threshold  measured  in  normal  state 
Yr  =  population  mean  of  threshold  measured  in  alpha  state 
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Under  Hn  :   — —  %   t  .   „approx  N(0,1) 

0  n+m-2   ^  ' 

o  -\/nnr 

yn        m 


78 


95%   confidence  interval  for  (yY  -  pv  )  is 

AC  XC 


r 


(Xc  -  rc)     ±   1.96  a     ^   +  ^ 

6.408  -   5.89^   ±    1.96x1.54x0.223 

0.51^  ±  0.673 
(-0.159,1.87) 


a  = 


39SY2  -  39SY2 


W 


■J  108.4  + 

I       7 


=   1.54 


77.85 


H" 


V 


Null  hypothesis  for  y   -  yv   cannot  be  rejected  at  .05  level 
of  significance. 
2.   t  test 


t  = 


XC  "  YC 


1 


(n-l)S  2  +  (m-l)SY2 

-£-, C-   (1  ♦  I) 

n+m-^  n   m 


6.408  -  5.894 


(39)(1.98)  +  (39)(2.78)  ,  1    1 x 


•To   Tir 


t 

= 

1 

636 

t* 

= 

1 

994 

df 

= 

n+m-2 

P 

= 

0 

05 

=  78 


H   is  not  rejected  at  .05  level  of  significance. 
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